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Important message 
This document is one of a set of standards developed solely and specifically for use on 

Transport Assets (as defined in the Asset Standards Authority Charter). It is not suitable for any 

other purpose. 

The copyright and any other intellectual property in this document will at all times remain the 

property of the State of New South Wales (Transport for NSW). 

You must not use or adapt this document or rely upon it in any way unless you are providing 

products or services to a NSW Government agency and that agency has expressly authorised 

you in writing to do so. If this document forms part of a contract with, or is a condition of 

approval by a NSW Government agency, use of the document is subject to the terms of the 

contract or approval. To be clear, the content of this document is not licensed under any 

Creative Commons Licence. 

This document may contain third party material. The inclusion of third party material is for 

illustrative purposes only and does not represent an endorsement by NSW Government of any 

third party product or service. 

If you use this document or rely upon it without authorisation under these terms, the State of 

New South Wales (including Transport for NSW) and its personnel does not accept any liability 

to you or any other person for any loss, damage, costs and expenses that you or anyone else 

may suffer or incur from your use and reliance on the content contained in this document. Users 

should exercise their own skill and care in the use of the document. 

This document may not be current and is uncontrolled when printed or downloaded. Standards 

may be accessed from the Transport for NSW website at www.transport.nsw.gov.au 

For queries regarding this document, please email the ASA at 
standards@transport.nsw.gov.au or visit www.transport.nsw.gov.au 
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Preface 
The Asset Management Branch (AMB) formerly known as the Asset Standards Authority (ASA) 

is a key strategic branch of Transport for NSW (TfNSW). As the network design and standards 

authority for NSW Transport Assets, as specified in the ASA Charter, the ASA identifies, 

selects, develops, publishes, maintains and controls a suite of requirements documents on 

behalf of TfNSW, the asset owner. 

The AMB deploys TfNSW requirements for asset and safety assurance by creating and 

managing TfNSW's governance models, documents and processes. To achieve this, the AMB 

focuses on four primary tasks: 

• publishing and managing TfNSW's process and requirements documents including TfNSW 

plans, standards, manuals and guides 

• deploying TfNSW's Authorised Engineering Organisation (AEO) framework 

• continuously improving TfNSW’s Asset Management Framework 

• collaborating with the Transport cluster and industry through open engagement 

The AEO framework authorises engineering organisations to supply and provide asset related 

products and services to TfNSW. It works to assure the safety, quality and fitness for purpose of 

those products and services over the asset's whole-of-life. AEOs are expected to demonstrate 

how they have applied the requirements of AMB documents, including TfNSW plans, standards 

and guides, when delivering assets and related services for TfNSW. 

Compliance with AMB requirements by itself is not sufficient to ensure satisfactory outcomes for 

NSW Transport Assets. The AMB expects that professional judgement be used by competent 

personnel when using AMB requirements to produce those outcomes. 

About this document 

This standard sets the minimum technical requirements for the main power supply system and 

auxiliary power supply system onboard new and modified TfNSW diesel-electric rolling stock 

assets. 

The minimum technical requirements in this standard have been developed in consultation with 

the heavy rail rolling stock industry including operators, manufacturers, and consultants. 

This standard is a second issue. 

Change to previous content includes the following: 

• Updated referenced documents list, removed; EN 45545-1, EN 45545-2, added; 

T HR EL 90003 ST, T HR RS 00300 ST, T HR RS 00600 ST 

• Added new Section 5.4 Protective provisions against explosions due to combustible gases 

• Added new Section 5.5 Power capacitor risks 
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• Updated Section 6.6.6, replaced EN 45545 with T HR RS 17010 ST 

• Updated Section 8.3, replaced EN 45545 with T HR RS 17010 ST  

• Updated Section 10.3, added anti-wheel-slip efficiency information, equation and diagram, 

added reference to T HR RS 00600 ST 

• Updated Section 11.4, Table 1, added toilet electrical controls and data radio requirements 

• Deleted Section 11.4.2 Auxiliary battery system mechanical requirements, replaced with 

Section 11.4.2 Auxiliary battery system environmental condition and mechanical 

requirements 

• Deleted Section 11.4.3 Auxiliary battery management system, replaced with Section 11.4.3 

Battery charger and battery management system requirements 

• Added Section 11.4.4 Battery compartment fire and ventilation requirements 
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1. Introduction 
The technical performance and safety of diesel fleet vehicles is paramount to the public 

transport operations of TfNSW. This standard enables TfNSW to set out the technical 

requirements for the main power supply system and auxiliary power supply system of diesel-

electric rolling stock. This is to help ensure the performance and safety of new and altered 

diesel-electric rolling stock assets in TfNSW. 

This standard covers diesel-electric rolling stock including bi-mode and hybrid diesel-electric 

variants. 

Diesel-electric rolling stock use diesel engine driven electric generators to power its main power 

supply and electric traction system. 

Bi-mode diesel-electric rolling stock is additionally equipped with pantographs and interfaces 

with the overhead power supply infrastructure. This standard covers the interface requirement 

with the overhead power supply and operation of the pantograph. 

Hybrid diesel-electric rolling stock is equipped with an onboard energy storage system that 

stores energy to power the electrical traction system. This standard covers the minimum 

requirement to support the safety of the onboard energy storage system in normal and fault 

mode conditions and in collisions, derailments and rollovers. 

Auxiliary power supply systems provide power to auxiliary systems including climate control 

systems, lighting systems and control and communication systems. The auxiliary battery 

systems provide emergency back-up power to critical operational and safety systems. The 

auxiliary power supply on diesel-electric fleets can be powered from the on-board main power 

supply system or from separate auxiliary diesel-electric generators. 

2. Purpose 
This document provides the minimum requirements and recommendations for the onboard main 

and auxiliary power supply systems for diesel-electric fleets and diesel-electric variants to be 

operated by TfNSW. 

This standard supports the reliability, availability, maintainability and safety (RAMS) of new and 

altered TfNSW assets by setting minimum technical requirements and considerations for their 

design. 

2.1. Scope 
This standard covers the following: 

• applicable local and international standards 

• performance requirements 
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• infrastructure interface requirements 

• environmental and operating condition requirements 

• protection systems 

• reliability, availability, maintainability and safety requirements 

2.2. Application 
This standard applies to passenger rolling stock with diesel-electric power systems and variants 

including bi-mode and hybrid power systems. 

This standard applies to new rolling stock and rolling stock that is new to the TfNSW network. 

This standard also applies to modified rolling stock where the modification is likely to 

substantially change or affect the power systems. 

3. Reference documents 
The following documents are cited in the text. For dated references, only the cited edition 

applies. For undated references, the latest edition of the referenced document applies. 

International standards 

EN 15663 Railway Applications – Vehicle Reference Masses 

EN 50126-1:2017 Railway Applications – the Specification and Demonstration of Reliability, 

Availability, Maintainability and Safety (rams) – Part 1: Generic Rams Process 

EN 50128 Railway applications – Communication, signalling and processing systems – 

Software for railway control and protection systems 

EN 50153 Railway applications – Rolling stock – Protective provisions relating to electrical 

hazards 

EN 50163 Railway applications – Supply voltages of traction systems 

EN 50343 Railway applications – Rolling stock – Rules for installation of cabling 

EN 50388 Railway applications – Power supply and rolling stock – Technical criteria for the 

coordination between power supply (substation) and rolling stock to achieve interoperability 

EN 50463-2 Railway applications – Energy measurement on board trains – Part 2: Energy 

measuring 

EN 50526-1 Railway applications – Fixed installations – D.C. surge arresters and voltage 

limiting devices – Part 1: Surge arresters 

EN 590 Automotive Fuels – Diesel – Requirements and Test Methods 

IEC 60077 (series) Railway applications – Electric equipment for rolling stock 
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IEC 61881 (series) Railway applications – Rolling stock equipment – Capacitors for power 

electronics 

IEC 62497-1 Railway applications – Insulation coordination – Part 1: Basic requirements – 

Clearances and creepage distances for all electrical and electronic equipment 

IEC 62497-2 Railway applications – Insulation coordination – Part 2: Overvoltages and related 

protection 

IEC 62864-1 Railway applications – Rolling stock – Power supply with onboard energy storage 

system – Part 1: Series hybrid system 

IEC 62928 Railway applications – Rolling stock – Onboard lithium-ion traction batteries 

Australian standards 

AS 7529.3 Australian Railway Rolling Stock – Fire Safety – Passenger 

Note: AS 7529.3 is an Australian standard developed by RISSB 

Transport for NSW standards 

T HR EL 90003 ST Heavy Rail Traction System – Current Ratings of 1500 V DC Equipment 

T HR RS 00117 ST Electric Circuits and Equipment for Passenger Rolling Stock 

T HR RS 00300 ST RSU 300 Series – Minimum Operating Standards for Rolling Stock – 

Locomotive Specific Interface Requirements 

T HR RS 00600 ST Minimum Operating Standards for Rolling Stock – Multiple Unit Train 

Specific Interface Standards 

T HR RS 01701 ST Mounting and Installation of Electrical Equipment 

T HR RS 11001 ST Electric Passenger Rolling Stock Onboard Main Power Supply System – 

1500 V dc 

T HR RS 12001 ST Interior and Exterior Lighting for Passenger Rolling Stock 

T MU RS 17001 ST Environmental Conditions for Rolling Stock 

T MU RS 01000 ST Structural Integrity and Crash Worthiness of Passenger Rolling Stock 

T HR RS 17010 ST Passenger Rolling Stock Fire Safety 

Other reference documents 

Office of Legislative Drafting and Publishing, Attorney-General's Department, Canberra 2002, 

Fuel Standard (Automotive Diesel) Determination 2001 
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4. Terms and definitions 
The following terms and definitions apply in this document: 

AESS automatic engine stop-start 

ASA Asset Standards Authority 

bi-mode diesel-electric rolling stock capable of being powered by its onboard diesel engines 

or by the overhead traction power supply where available 

creepage distance is the shortest distance along the surface of an insulating material between 

two conducting parts 

diesel-electric rolling stock with diesel engine powered electrical generators and electrical 

traction system 

EAPS electric auxiliary power supply 

exceptional payload as defined in EN 15663:2017 

HSCB high-speed circuit breaker 

hybrid diesel-electric diesel-electric rolling stock with onboard energy storage device system 

to provide full or supplementary power to the onboard main power supply and electric traction 

system 

LOTO lockout-tagout safety procedure used to render hazardous energy sources inoperative to 

enable safe working on equipment. The locking device is locked with a tag that identifies each 

worker 

lower explosion limit (LEL) is the lowest concentration of gas, fumes, or vapours required to 

produce fire in the presence of an ignition source like flame or heat 

pyrolysis the heating of an organic material in the absence of oxygen. Because no oxygen is 

present the material does not combust but the chemical compounds that make up that material 

thermally decompose into combustible gases and charcoal 

RFT request for tender 

RISSB Rail Industry Safety and Standards Board 

SFAIRP so far as is reasonably practicable 

TfNSW Transport for NSW 

TPS Technical Performance Specification 

train set a configuration of one or more railway vehicles that can operate on a rail network 
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5. General requirements 
5.1. International and local standards 

The onboard main power and auxiliary power supply systems of diesel-electric rolling stock and 

bi-mode and hybrid variants shall comply with the following normative references, as applicable: 

• EN 50163 Railway applications – Supply voltages of traction systems 

• EN 50343 Railway applications – Rolling stock – Rules for installation of cabling 

• EN 50388 Railway applications – Power supply and rolling stock – Technical criteria for the 

coordination between power supply (substation) and rolling stock to achieve interoperability 

• EN 50526-1 Railway applications – Fixed installations – D.C. surge arresters and voltage 

limiting devices – Part 1: Surge arresters 

• IEC 60077 (series) Railway applications – Electric equipment for rolling stock 

• IEC 61881 (series) Railway applications – Rolling stock equipment – Capacitors for power 

electronics 

• IEC 62497-1 Railway applications – Insulation coordination – Part 1: Basic requirements - 

Clearances and creepage distances for all electrical and electronic equipment 

• IEC 62497-2 Railway applications – Insulation coordination – Part 2: Overvoltages and 

related protection 

• T HR RS 00117 ST Electric Circuits and Equipment for Passenger Rolling Stock 

• T HR RS 01701 ST Mounting and Installation of Electrical Equipment 

5.2. Electrical hazards protection 
The electrical hazards protection provisions for diesel-electric rolling stock shall comply with 

EN 50153 Railway applications – Rolling stock – Protective provisions relating to electrical 

hazards. 

The vehicle body, including all structural and conductive panels, shall be electrically bonded to 

the vehicle body earthing system that is connected to multiple wheel axle earthing units that are 

located on multiple bogies. 

Traction return current, other than fault-current, shall not be conducted through the vehicle body 

structure and conductive panels. 

To prevent un‐insulated wheel bearing damage, wheel axle earthing units shall be used to 

prevent current flowing through all un‐insulated wheel bearings of diesel fleets. 
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Note: In electrified areas, the overhead traction power supply return current from 

electric rolling stock is conducted through the running rails. Rail borne return current 

may flow through rolling stock through the wheels with un-insulated wheel bearings 

and cause damage to the wheel bearings. 

Access to the electrical connection points of the wheel axle earthing units shall permit electrical 

resistance testing between the wheel axle earthing unit and the wheels as required. 

5.3. Reliability, availability, maintainability and safety 
(RAMS) 
The reliability availability, maintainability and safety (RAMS) requirements of the main and 

auxiliary power supply system shall be maximised and shall be verified in accordance with 

EN 50126-1:2017 Railway Applications – the Specification and Demonstration of Reliability, 

Availability, Maintainability and Safety (rams) – Part 1: Generic Rams Process. 

To support RAMS requirements all systems and equipment test reports shall be conducted to 

international and local standards and shall be available to TfNSW for review upon request. 

5.4. Protective provisions against explosions due to 
combustible gases 

Note: TfNSW rolling assets have in the past experienced explosion events from 

deflagration and detonation of combustible gases within main and auxiliary power 

supply system’s equipment compartments and enclosures. The explosion resulted in 

vehicle roof hatches and equipment enclosure covers being ejected from the vehicle. 

A large explosive event due to deflagration has also resulted in the deformation of the 

roof and adjoining grab handle causing it to intrude into the passenger space and 

causing injury. 

Combustible gases may be emitted from batteries and may be produced in 

catastrophic failure modes of capacitors and switches when sustained high 

temperatures may cause pyrolysis of organic materials. 

Enclosures and compartments that contain main and auxiliary power supply systems, including 

auxiliary battery system and other onboard energy storage devices shall be provisioned to 

protect against and minimise the safety impacts of deflagration and detonation events. These 

provisions include but are not limited to the following: 

• Secondary restraints of equipment enclosure and compartment covers and hatches to 

safely prevent ejection from the vehicle after an explosion. 

• Where applicable, equipment enclosures and compartments shall be adequately ventilated 

to prevent the build-up of combustible gases to lower explosion limit levels. 
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• Cable penetrations between enclosures and compartments shall be sealed with a 

mechanical compression type cable fitting to prevent combustible gas migration between 

enclosures and compartments. Hand applied liquid or ‘putty’ type sealants, may only be 

used as a secondary seal to support the primary compression seal type fitting. 

• Potential ignition sources shall be considered and eliminated within enclosures and 

compartments. Enclosures and compartments with medium and high voltage circuit 

voltages shall reduce the chance of internal sparking and flashovers in the presence of 

condensates and other contaminants through encapsulation or increasing creepage 

distances or both. 

Note: during pyrolysis events, water vapour and other condensates may form on 

surfaces that may cause arcing and flashovers. 

• Arc chutes on high voltage contactors, where ever possible, shall be constructed of 

material that does not generate explosive gases during pyrolysis. 

5.5. Power capacitor risks 
Provisions to protect against specific risks associated with power capacitors in the main and 

auxiliary power supply systems shall be provided including complying with IEC 61881 (series) 

Railway applications – Rolling stock equipment – Capacitors for power electronics. 

5.5.1. Power capacitor pyrolysis 
The provisions to protect against capacitor pyrolysis shall include one or more of the following 

methods: 

a. Overpressure detector or overpressure disconnector design – to enable detection of 

internal over pressure, and subsequent indirect or direct, disconnection of the capacitor 

from the circuit, respectively. In accordance with IEC 61881. 

b. Segmented and special unsegmented metallization design of metallic layer – to allow a 

small part of the capacitor metallic layer to be isolated in case of local short circuit or 

breakdown with negligible loss of capacitance. In accordance with IEC 61881. 

c. Internal (element) fuse – to disconnect an element or a group of elements in the event of 

breakdown. In accordance with IEC 61881. 

d. Separation from electrical switch gear and ventilation – design to remove any potential 

ignition sources from enclosures containing power capacitors and to provide ventilation to 

remove emitted combustible gases. 

e. Other methods, including the use of capacitors that are not subject to pyrolysis failure 

modes may also be considered. 
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The selected method or methods and evidence of their sufficiency shall be submitted to TfNSW 

during the design phase. 

6. Diesel-electric main power supply requirements 
6.1. Power requirements 

The diesel‐electric main power supply configuration and power capacity shall enable the train 

set to meet the specified sectional running times with an exceptional payload. 

Note: Not meeting some sectional running times may be acceptable subject to the 

total run times being readily met and subject to acceptance by the designated TfNSW 

service operator. 

The diesel‐electric main power supply configuration and power capacity shall provide optimum 

energy efficiency and reliability for the specified service routes and operating conditions. 

The diesel‐electric main power supply configuration and power capacity shall support the 

required minimum redundancy requirements in Section 6.2 and as specified in the Technical 

Performance Specification (TPS). 

6.2. Redundancy requirements 
The redundancy concept shall be to ensure the ability of the train set to continue passenger 

service after a single point of failure event in the main power supply system. 

The diesel-electric main power supply and traction system shall be of a redundant design such 

that at least 50% of the train set’s traction power capacity can be maintained or restored after 

any single point of failure event in the main power supply system. 

Note: The requirement of maintaining at least 50% of traction power capacity have 

typically been realised by the use of two or more mutually independent diesel-electric 

traction systems of equal capacity in a train set. Mutually independent means that 

failure of one diesel-electric traction system has no consequence to the operation of 

the other diesel-electric traction systems. 

A train set continuing a passenger service after a failure resulting in reduced traction 

performance is not required to meet the timetable requirements. 

6.3. Load-box testing 
Note: Load-box testing involves the connection of a resistive load, the ‘load-box’, to 

the diesel-electric power supply system output, in lieu of the traction system load, for 

testing of the power output under static conditions. 
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The design of the diesel-electric main power supply system shall have provisions to enable 

efficient load-box testing for maintenance purposes. 

The designated load box shall be capable of continuous power dissipation of the maximum 

power output of the diesel-electric main power supply. 

Where applicable, the on-board dynamic braking resistors shall be capable of being used as a 

load-box to provide limited load testing of the diesel-electric main power supply output for 

maintenance purposes. 

6.4. Duty cycle type testing 
The diesel-electric main power supply system shall be type tested to demonstrate compatibility 

with the operational and reliability demands of the designated passenger service routes and 

operating conditions as specified in the TPS. 

Type testing shall at minimum include cycling the final diesel-electric main power supply system 

configuration between maximum powering and idling for a combined minimum total of 3000 

cycles with no failure or degradation in performance. 

For static load-box tests, the powering, transient and idling duty cycle shall be determined to 

simulate the equivalent duty cycle on the most arduous service route specified in the TPS. 

Note: The maximum powering and idling cycles, logged during dynamic 

commissioning tests, maybe combined with the static load-box tests cycles to reach 

the minimum 3000 test cycle requirement. 

6.5. Ambient operating temperatures 
The main power supply system shall operate normally with no degradation in performance 

during high ambient temperatures under all conditions as detailed in T MU RS 17001 ST 

Environmental Conditions for Rolling Stock. 

Note: Some reduction in engine performance in high temperature, or low pressure 

(high altitude) conditions or both, is acceptable as long as the timetable is not 

significantly impacted. 

6.6. Diesel engine requirements 
The diesel engine shall be suitable for continuous operation in the environmental conditions as 

specified in T MU RS 17001 ST and T MU EN 00005 ST. 

The diesel engine shall enable the rolling stock to meet the performance requirements of the 

Train Performance Specification including those for RAMS, traction, energy efficiency and 

exhaust emissions. 
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6.6.1. Diesel fuel specification 
The diesel engines shall be compatible with the diesel fuel specifications available in 

Queensland, New South Wales and Victoria. Specifications may include the following: 

• Fuel Standard (Automotive Diesel) Determination 2001 

• EN 590 Automotive Fuels – Diesel – Requirements and Test Methods 

• sulphur content of 10 ppm or less 

6.6.2. Refuelling systems 
The rolling stock refuelling points shall be compatible with existing diesel refuelling systems 

used in NSW diesel fleet maintenance centres and sidings. 

The refuelling points shall be available on both sides of the rolling stock. 

If any special tools, equipment, fittings or adaptors are required, then details shall be advised at 

time of tender. 

6.6.3. Air filtration systems 
The air filtration system shall protect against the type of dust storms that have occurred 

infrequently in Queensland, New South Wales and Victoria. 

The air filtration system shall continue to provide sufficient filtered air to enable continued 

operation, if necessary with degraded performance, back to the maintenance centre after being 

exposed to a dust storm. 

Note: Air filters that have been subjected to dust storms maybe replaced in-between 

maintenance periods where required. 

6.6.4. Engine cooling systems 
The engine cooling system shall be designed to prevent or minimise blockages or other defects 

that would degrade cooling capacity. Excess capacity should be included to ensure that the 

reliability, availability and maintainability performance requirements of the TPS is met. The level 

of redundancy incorporated shall be advised in the Tender. 

6.6.5. Exhaust system 
Each engine shall have a separate and readily maintainable exhaust system. 

The exhaust outlet shall be located above the car roofline and shall be designed to exhaust 

fumes away from the car roof line and away from any fresh air inlets, open doors and windows 

while the vehicle is static or in motion. 

The exhaust system shall be thermally insulated from the vehicle. 
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Provision shall be made for readily testing the engine exhaust system parameters including 

condition, back pressure, exhaust emissions, noise and leaks. 

Where applicable, the exhaust system shall incorporate a spark arrester in accordance with 

T HR RS 00300 ST. 

6.6.6. Fire protection 
The engine fire protection system shall automatically detect and extinguish engine fires. 

The engine and the main and auxiliary power supply system shall be protected by fire safety 

systems complying with T HR RS 17010 ST Passenger Rolling Stock Fire Safety. 

6.6.7. Engine over-speed protection 
The engine over-speed protection systems shall shutdown the engine immediately and prevent 

permanent damage. 

The engine over-speed protection shall immediately cut off the air supply to the engine. 

The engine over-speed protection system shall be proven and fail-safe and shall take into 

account the potential for failed or discordant signals from the speed sensor. 

6.6.8. Engine over-temperature protection 
The engine’s over-temperature protection system shall shutdown the engine or degrade its 

performance to prevent permanent damage to the engine due to over temperature. 

The engine over-temperature protection system shall be proven and failsafe and shall take into 

account the potential for failed or discordant signals from the temperature sensors. 

7. Bi-mode diesel-electric main power supply 
requirements 

Note: Bi-mode diesel-electric rolling stock is equipped with pantographs to provide the 

flexibility of being powered from the overhead traction power supply, where available, 

in lieu of the onboard diesel-electric generators. Bi-mode diesel-electric rolling stock, 

increases energy efficiency by enabling regenerative-braking that can return energy 

back to the overhead power supply, and reduce engine noise and gas emissions in 

sensitive electrified metropolitan areas. 

The on-board main power supply of bi-mode diesel-electric fleets designed to operate on the 

TfNSW 1500 V dc overhead traction power supply infrastructure shall comply with 

T HR RS 11001 ST Electric Passenger Rolling Stock Onboard Main Power Supply System – 

1500 V dc. 
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T HR RS 11001 ST covers the following requirements: 

• pantographs interface requirements 

• high speed circuit breakers 

• over-voltage and under-voltage protection 

• surge arresters 

• current return and earthing requirements 

• disconnect and earth safety switch 

• electrical clearances 

• train current limits 

• 50 Hz current detection, signalling protection requirement 

The requirements in Section 7.1 and Section 7.2 are additional to or replace the requirements in 

T HR RS 11001 ST for bi-mode diesel-electric rolling stock where applicable. 

7.1. Train current limits for bi-mode diesel-electric rolling 
stock 
New rolling stock using the TfNSW 1500 V dc overhead traction power supply infrastructure 

shall comply with the train current limits (powering and regenerative braking currents) specified 

in T HR EL 90003 ST Heavy Rail Traction System – Current Ratings of 1500 V DC Equipment. 

Where the bi-mode diesel-electric train set is capable of exceeding the specified infrastructure 

train current limits, the train’s traction system shall be detuned to ensure the train current limits 

are not exceeded. 

To facilitate stable operation on electrically weak regions of the TfNSW 1500 V dc overhead 

power supply system, the bi-mode diesel-electric fleet shall comply with the automatic train 

current regulation and maximum train power limiting functionality specified in T HR EL 90003 ST 

or it shall not operate using the overhead power supply in electrically weak regions of the 

TfNSW 1500 V dc infrastructure. 

Simulation models and parameters required to undertake software modelling of the impacts of 

the bi-mode diesel-electric fleet on the TfNSW traction overhead power supply and signalling 

system shall be provided. 

7.2. Automatic pantograph operation 
Automatic and manual pantograph operation shall be failsafe to prevent inadvertent operation of 

the pantograph on un-electrified areas. 
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Failsafe interlocks shall be provided to prevent the automatic or manual lowering of 

pantographs while any electrical current capable of causing arcing damage is being conducted 

through the pantographs. 

Intentional or inadvertent deployment of pantographs in the electrified areas while the train set 

is in motion shall not have any impact on the overhead power supply infrastructure. 

A method to disable and lockout-tagout (LOTO) the function to raise and lower the pantographs 

automatically shall be provided to protect maintenance personnel from inadvertent automatic 

pantograph operation. 

8. Hybrid diesel-electric main power supply 
requirements 

Note: Hybrid diesel-electric rolling stock is equipped with an on-board energy storage 

system that can provide primary or supplementary power to the electric traction 

system. Hybrid rolling stock increases energy efficiency by storing regenerative 

braking energy, which is otherwise dissipated as heat through braking resistors. 

The onboard energy storage system may also be charged from the onboard diesel-

electric generator or the overhead traction power supply, in bi-mode rolling stock, 

where required to enable various new operating modes. For example, where the 

onboard energy storage system is capable of providing primary power to the traction 

system, noise and exhaust emissions in sensitive areas, such as at stations maybe 

reduced by operating under stored energy in lieu of the diesel-electric generator. 

Shunting at the maintenance centres and sidings under onboard energy storage 

power may also provide fuel savings by reducing engine start up and engine idle times 

during shunting. 

Onboard energy storage systems shall comply with IEC 62864-1 Railway applications – Rolling 

stock – Power supply with onboard energy storage system – Part 1: Series hybrid system or 

equivalent national or international standards. 

8.1. Electrical protection 
An isolation switch shall be provided to enable maintenance personnel to positively disconnect 

and isolate both positive and negative terminals of the onboard energy storage medium. The 

isolation switches shall be protected by a LOTO device to prevent inadvertent operation. 

The onboard energy storage system shall use high rupture capacity (HRC) fuses, or equivalent 

system, on both the positive and negative terminals of its energy storage devices. 

The onboard energy storage system shall be provided with a management system, or 

equivalent system, to ensure the operational safety of the onboard energy storage system. For 
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example, the management system shall initiate automatic isolation of the energy storage 

devices when unsafe conditions or failure modes are automatically detected. 

The onboard energy storage management system shall ensure reliable, maintainable and safe 

operation over the operational life of the system. 

High current capacity electrical cabling for the onboard energy storage system shall be 

protected by an insulation monitoring device (IMD) or equivalent to protect against ground faults 

due to insulation break down, damage or failure. 

Where applicable, the conductive enclosures of the onboard energy storage system shall be 

electrically bonded to the vehicle body earthing system using multiple earthing cables. 

8.2. Energy storage medium safety 
The inherit safety of the selected onboard energy storage technology shall be proven and shall 

be demonstrated to be safe so far as is reasonably practicable (SFAIRP) in normal and 

abnormal operations including during maintenance and in credible accidents that can impact the 

energy storage medium. 

Note: The presence of high capacity energy storage systems can potentially increase 

the safety risks for rolling stock due to the large amount of energy that can quickly be 

released. 

The safety analysis shall address all potential risks during operation and maintenance of the 

onboard energy storage system. For example, where applicable, all the risk associated with fire 

and smoke in tunnels and enclosed maintenance facilities shall be addressed. 

All risks associated with onboard energy storage devices shall be mitigated. 

For example the following: 

• High capacity capacitors with the potential to produce explosive gasses in failure modes, 

for example by pyrolysis, shall be fitted with a pressure cut-out system, or similar, to cut out 

power when internal pressure is detected. 

• Onboard energy storage devices shall be installed in an area that is able to vent toxic and 

explosive gases to the outside of the vehicle. 

• Onboard energy storage devices shall be installed and located to minimise, SFAIRP, the 

safety impacts of any potential fire or explosion. 

8.2.1. Onboard energy storage sytem standards 
Where applicable, onboard energy storage devices shall comply with the following standards: 

• IEC 62864-1 Railway applications – Rolling stock – Power supply with onboard energy 

storage system – Part 1: Series hybrid system 
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• IEC 61881-3 Railway applications – Rolling stock equipment – Capacitors for power 

electronics – Part 3: Electric double – layer capacitors 

• IEC 62928 Railway applications – Rolling stock – Onboard lithium-ion traction batteries 

8.2.2. Onboard energy storage testing 
As a minimum requirement, test reports covering the following tests, or equivalent tests, on the 

onboard energy storage system shall be available to TfNSW for review: 

• safety test 

• pin penetration test 

• crush test 

• EMC test 

• over-charging test 

• over-discharging test 

• short circuit test 

• seawater immersion 

• passive flammability 

• temperature cycle test 

• heating test 

• high-temperature characteristics 

• low-temperature characteristics 

8.3. Fire, smoke and toxicity 
The selected energy storage medium shall comply with and support the requirements of 

T HR RS 17010 ST. 

The selected energy storage medium shall be inherently safe or are provisioned to protect 

against the following: 

• combustion due to any internal failure modes 

• combustion due to being punctured by a sharp metal object resulting in the shorting of 

internal conductive elements 

• combustion due to crushing due to a collision or derailment 

• combustion due to being dropped while being handled during maintenance and 

transportation 
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• release of toxic smoke, fumes, fluids and particles during failure modes and damage 

• overheating and subsequent combustion due to being subjected to high ambient 

temperatures 

The energy storage system type shall not release harmful levels of fluids and gases in any 

orientation during charging and discharging. 

8.4. Onboard energy storage management system 
The onboard energy storage management system, or equivalent, shall provide active monitoring 

and control of the onboard energy storage system to ensure reliability, availability, 

maintainability and safety over the operating life of the onboard energy storage system. 

Due to the potential risks involved with high capacity electrical energy storage systems, the 

onboard energy storage system and its management system shall be designed under an 

applicable safety integrity level (SIL) in accordance with EN 50128 Railway applications - 

Communication, signalling and processing systems – Software for railway control and protection 

systems or equivalent. 

The onboard energy storage management system shall control the following: 

• automatic shutdown or isolation after the detection of unsafe states of operation 

• the charging and discharging process to ensure efficiency, safety and specified operating 

life 

The onboard energy storage management system shall monitor the following: 

• voltage – total energy storage bank voltage, and voltage of individual storage units, for 

example each individual battery packs or super capacitor unit 

• charging and discharging current 

• temperature – average temperature of the energy storage bank or temperatures of 

individual energy storage units 

• state of charge or depth of discharge that indicates the charge level of the energy storage 

system 

• state of health – a measurement of the overall condition of the energy storage system 

8.5. Cooling systems 
The primary cooling system shall preferably be passive, requiring no power to operate. The use 

of forced ventilation or pumped fluid cooling systems, where applicable, shall be secondary and 

only used for the purpose of extending the energy storage system’s life span and or to extract 

the maximum power output from the energy storage system in high temperature conditions. 

Failure of the secondary cooling system shall not render the energy storage device inoperable. 
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8.6. Onboard energy storage system redundancy 
Where applicable, onboard energy storage system redundancy shall be provided where the 

hybrid onboard energy storage system is relied upon to provide limited traction power on its 

own. For example, redundancy will be required if the onboard energy storage system is required 

to provide power for shunting purposes at maintenance centres with the engines off. 

8.7. Mechanical requirements 

8.7.1. Location 
The onboard energy storage system shall be located to ensure the following: 

• provide protection against credible collisions, derailments and rollovers 

• safe venting of smoke, fumes and fires, from the onboard energy storage devices, away 

from passenger and crew areas such as doors and train platforms 

• safe removal and installation through the use of lifting aids such as overhead cranes 

• safe access for maintenance personnel 

8.7.2. Crashworthiness 
The crash worthiness and mounting performance of the onboard energy storage system 

modules shall minimise safety risks SFAIRP in collisions, derailments and rollovers. 

The mounting of the onboard energy storage system to the vehicle body shall comply with 

T MU RS 01000 ST Structural Integrity and Crash Worthiness of Passenger Rolling Stock. 

Note: onboard energy storage devices are generally sensitive to punctures and 

mechanical damage that can lead to fire. 

An adequate level of physical protection shall be provided to minimise to SFAIRP the potential 

risk of mechanical damage and punctures in normal operation and in collisions, derailments and 

rollovers. 

Onboard energy storage devices shall, SFAIRP, be located to provide maximum clearances 

from the rolling stock’s external outline to maximise protection against impacts, punctures and 

crushing in collisions, derailments and rollovers. 

9. Energy efficiency requirements 
New diesel fleet shall advance the energy efficiency of the TfNSW passenger fleet operations 

by using diesel-electric systems, traction inverters, traction motor and drives, and rolling stock 

auxiliary equipment with proven energy efficiency performance. The efficiency characteristics of 

these systems shall be presented to TfNSW at the request for tender (RFT) project stage. 
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New rolling stock shall meet the energy efficiency and monitoring requirements of 

T HR RS 00100 ST. 

9.1. Fuel efficiency 
TfNSW aims to ensure that all new (and new to the network) procured rolling stock represents a 

continual performance improvement in energy use and efficiency, and greenhouse gas 

emissions. In order to help select new rolling stock that will help meet its energy efficiency aims, 

simulated fuel consumption data shall be provided at the RFT project stage. The accuracy of 

the simulated fuel consumption data shall be within 5% of actual performance or in accordance 

with contract requirement. 

9.2. Idling efficiency and reduction 
Strategies for minimising engine idling time at stations, maintenance centres and sidings shall 

be implemented to reduce fuel consumption, exhaust gas emissions and local noise emissions. 

Systems and strategies that maybe used where applicable include the following: 

• use of a separate smaller energy efficient auxiliary diesel generator to optimise the use of 

automatic engine stop-start (AESS) to shut down the main diesel engines when stationary 

at stations, sidings and maintenance centres 

• use of an onboard energy storage system to provide auxiliary power to optimise the use of 

AESS to shut down the main diesel engines when stationary at stations, sidings and 

maintenance centres 

• use of shore power supply connections to supply auxiliary power at the maintenance 

centres in lieu of the diesel engines for extended maintenance periods where auxiliary 

power is required 

To assess the new diesel fleet’s efficiency while idling with full auxiliary load, simulated fuel 

consumption data shall be provided at the RFT project stage. The accuracy of the simulated 

fuel consumption data shall be within 5% of actual performance or in accordance with contract 

requirement. 

9.3. Onboard energy storage optimisation 
The use of onboard energy storage systems shall be optimised to increase the energy efficiency 

of the train set. This includes the use of the following strategies where applicable: 

• systems to optimise the onboard energy storage charging opportunities from regenerative 

braking such as driving advisory systems or traction modes for different 
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• systems to optimise the use of the on-board energy storage power for traction while 

powering and for auxiliary when stationary 

• traction systems with efficient regenerative braking energy performance to maximise 

energy generation while braking. For example, the use of permanent magnet dc traction 

motors 

10. Traction system requirements 
The traction system design shall support the redundancy requirements in Section 6.2. 

The traction system design shall support the power requirements in Section 6.1. 

10.1. Traction motor cooling systems 
The traction motor cooling system shall provide adequate cooling over the range of ambient 

temperatures in NSW, as detailed in T MU RS 17001 ST, to ensure the designed service life of 

the traction system. 

The traction motor cooling system air intake shall protect against the type of dust storms that 

have occurred infrequently in Queensland, New South Wales and Victoria. 

Note: Air filters, where applicable, that have been subjected to dust storms maybe 

replaced in-between maintenance periods where required. 

Regional passenger rolling stock fleet may operate on tracks that service freight trains carrying 

coal, canola seeds and grains that can at times spill and contaminate the track. The cooling 

systems shall effectively filter out these types of particles, particularly where the air intake is 

below the vehicle body. 

10.2. Traction system thermodynamic modelling 
Thermodynamic modelling of the traction system including motors, braking resistors and power 

electronics shall be performed to simulate performance for the most arduous operating 

conditions and configurations. 

Thermodynamic modelling of the traction motors shall show that the motor wire winding 

insulation temperature limit is not exceeded so as to prevent failure and to help ensure the 

specified operating life span. 

The software based thermodynamic models of the traction system shall be provided or made 

available to enable future analysis over the life of the fleet. Future analysis maybe required to 

determine the suitability of the traction system package for any future change in operating 

conditions such as new service routes and train set configurations. 
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10.3. Anti-wheel-slip performance 
The rolling stock shall meet the wheel slip requirements of T HR RS 00600 ST and 

T HR RS 00600 ST where applicable. 

The traction system anti-wheel-slip efficiency shall be greater than 85%. 

Note: The traction system anti-wheel-slip efficiency is a measure of how well the 

traction system can maximise the use of the available adhesion when controlling 

wheel-slip during low adhesion conditions. 

The anti-wheel-slip efficiency shall be assessed from various levels of recorded wheel-slip 

activity. Assessed wheel-slip activity shall include wheel-slip activity at maximum loading 

conditions and at maximum grades. Low adhesion conditions may be simulated to induce 

wheel-slip where required. The anti-wheel-slip efficiency can be calculated from the traction 

system’s recorded response during wheel-slip using the equation and diagram shown in 

Figure 1. 

Figure 1 – Acceleration on slippery rail 
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10.4. Holding brake 
The traction system shall be configured to operate in sync with the holding brake to prevent 

rollback at any time including at the moment prior to the application or removal of tractive effort 

at the wheels. 

The rollback prevention function shall be effective up to the maximum track grades in the 

designated network of operation. 

11. Electric auxiliary power supply system 
Note: The electric auxiliary power supply (EAPS) system provides power to onboard 

electrical equipment including the climate control systems, lighting systems, control 

and communication circuits, catering and entertainment equipment. 

The electric auxiliary power supply system may derive power from the main power 

supply system or use its own dedicated diesel engine. 

The electric auxiliary power supply system shall operate normally with no degradation in 

performance during high ambient temperatures under all conditions as detailed in 

T MU RS 17001 ST Environmental Conditions for Rolling Stock. 

11.1. Electrical protection 
The EAPS system electrical protection requirements shall be in accordance with 

T HR RS 00117 ST Electric Circuits and Equipment for Passenger Rolling Stock. 

Where applicable the EAPS system electrical outputs shall be galvanically isolated from the 

infrastructure traction power supply input. 

The equipment shall provide electrical protection against a full range of credible failures and 

abnormal conditions shall not have the capacity to affect onboard and wayside equipment 

including the overhead power supply and signalling systems. 

Interruptions to the EAPS power output shall be indicated to the driver. 

Where applicable the cause of the output interruption, such as system faults or automatic cut-off 

due to substation traction supply under voltage or overvoltage conditions, shall be recorded for 

fault finding purposes. 

The EAPS system shall be protected from the effects of failures in auxiliary equipment, for 

example induction motor failures. 

The EAPS system shall automatically reset upon restoration of interrupted input power, for 

example after automatic shutdown due to over and under voltages. 
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11.2. EAPS system voltages 
The EAPS system voltage shall comply with the general voltages specified in 

T HR RS 00117 ST. 

11.3. EAPS system redundancy 
The EAPS system shall provide a level of redundancy to enable the continuation of passenger 

service after a single point failure or the failure of one EAPS module in the train set. For 

example, power to the following systems shall be maintained to enable continuation of 

operation: 

• ventilation and climate control systems, at reduced performance where applicable 

• lighting circuits, at reduced performance where applicable 

• traction and vehicle control circuits and equipment 

• communication, control and signalling systems 

• battery chargers 

• other safety and operation critical systems and equipment 

11.4. Auxiliary emergency battery system 
The auxiliary emergency battery system shall provide emergency backup power to safety and 

operations critical onboard electrical systems during onboard EAPS interruptions. EAPS 

interruptions may be due to EAPS system failure or the loss of onboard power generation or, for 

bi-mode rolling stock, due to the loss of power from the traction power supply infrastructure. 

The auxiliary battery system at minimum shall provide emergency power to enable the following: 

• minimum ventilation requirements in crew and passenger areas under exceptional payload 

conditions 

• minimum lighting requirements in crew and passenger areas 

• operation of the emergency exit lights, step lights and marker lights 

• operation of the onboard communication systems including the public address and radio 

communication systems 

• operation of all passenger doors for emergency egress 

• operation of the driver’s display unit and control interfaces to maintain control of critical 

systems and enable fault-finding activities 

• operation of event recorders, video surveillance and fire detection systems 
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• orderly shutdown of processor driven systems to prevent inadvertent effects due to sudden 

loss of power 

• re-start of the train’s traction and auxiliary power supply systems after the main power 

supply has been restored 

11.4.1. Auxiliary battery system capacity and emergency load duration 
Note: This section stipulates minimum requirements for degraded mode system 

performance. These requirements should be reviewed in consideration of the 

operational context of the rolling stock and if necessary should be adjusted as 

appropriate for the application. 

The battery system at 80% state of charge shall have sufficient charge capacity to power the 

train's emergency loads as specified in Table 1 and Table 2 over the full operating life of the 

battery system. 

The battery system shall have excess capacity to start the train, with the pantographs in the 

lowered position (where applicable), after providing emergency power for the durations 

specified in Table 1 and Table 2. 

If the control circuit and the lighting circuit have distinct battery banks, where the control circuit 

batteries have been depleted, a method of temporarily powering the control circuit from the 

lighting circuit battery banks shall be provided that automatically isolates the depleted control 

battery banks. It should also be possible to raise the pantographs and to start the train if the 

control battery banks are depleted with this method. 

The battery system shall be able to continue to provide emergency power, beyond the specified 

minimum durations in Table 1 and Table 2, up to the point of reaching the state-of-charge 

necessary to start the train. 

A load-shedding schedule may be used to ensure that the emergency load durations detailed in 

Table 1 and Table 2 can be achieved. Precedence should be given to lighting, voice radio, and 

the ability to restart the train. 

Table 1 – Control circuit minimum emergency load duration after loss of main power 
supply 

System to be maintained Minimum operation duration 

Video surveillance systems 1.5 hours 

Door open and close controls and actuators Minimum 20 open and close cycles over 
4 hours 

Train radio equipment (including data radios), 
public address and intercom systems 

4 hours 

Driver’s display unit and control interface 4 hours 

Fire detection system 4 hours 
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System to be maintained Minimum operation duration 

Event recorders 4 hours 

Toilet electrical controls where applicable 
Note: toilet operation is subject to 
compressed air, fresh water and waste water 
tank levels 

3 hours 

Table 2 – Lighting and ventilation minimum emergency load duration after loss of main 
power supply 

System to be maintained Minimum duration 

Emergency ventilation 1.5 hours; refer to 'T HR RS 08001 ST Interior 
Climate Comfort for Passenger Rolling Stock' 

Emergency internal lights, exit lights and 
step lights 

3 hours after loss of OHW power; refer to 
N13272, at lighting luminance levels specified 
in 'T HR RS 12001 ST Interior and Exterior 
Lighting for Passenger Rolling Stock' 

Marker lights on end vehicles of the train set 3 days 

Where applicable, the operation of other auxiliary systems, such as passenger electronic 

amenities including video entertainment systems and internet facilities, shall not have an impact 

on the minimum emergency load durations in Table 1 and Table 2 or they shall be shut down in 

an orderly manner. 

11.4.2. Auxiliary battery system environmental condition and 
mechanical requirements 
The auxiliary battery system shall operate under the expected ambient temperatures and other 

environmental conditions as detailed in T MU RS 17001 ST Environmental Conditions for 

Rolling Stock. 

For roof mounted auxiliary battery systems, the temperature increase from direct solar heat gain 

shall be considered. 

The battery system's batteries shall be mechanically secured to protect against dislodgement 

due to vehicle collisions, derailment or roll over. 

For externally located, battery system compartment, the door or cover shall be fitted with a 

secondary restraint system to prevent ejection from the vehicle in the event of a battery related 

explosion event. 

Note: Incidence of battery compartment covers being ejected from the vehicle due to a 

battery related explosion event occurred on NSW rolling stock assets. The purpose of 

the secondary restraint system is not to prevent the cover or hatch from being blown 

off the compartment but to catch the cover or hatch after it has been dislodged and 

prevent ejection from the vehicle where it may cause serious injury or death. 

The battery system's batteries shall be safely accessible for replacement and maintenance. 
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11.4.3. Battery charger and battery management system requirements 
The auxiliary battery system shall be equipped with the necessary battery charger and battery 

management system to manage the monitoring, charging and protection of the battery storage 

system to ensure its safe operations and specified operating life. 

The battery management system and battery charger, where applicable, shall be fail safe in the 

event of controller firmware corruption or misprogramming. For example, firmware corruption or 

misprogramming shall not cause overcharging of the batteries. 

The battery charger and battery management system, where applicable, shall protect the 

battery energy storage system from the following: 

• overcurrent damage during charging and discharging 

• overvoltage damage during charging 

• over discharge damage, for example under voltage damage 

• effects of generated and ambient temperatures during charging and discharging 

The battery charging system shall charge the batteries from an initial 20% state of charge to 

80% state of charge within three hours under normal EAPS operation. 

Where applicable, the automatic removal or reduction of charging current shall be used to 

protect the batteries. 

Optimised charging cycles shall be used to ensure energy efficiency and minimum impact to 

battery energy storage system life. 

Passive charging systems that permanently connect the battery banks to the EAPS direct 

current supply shall not be used. These charging systems provide no active overcharge 

protection nor provide optimised charging. 

For battery banks with series-connected batteries, where applicable, the charging system shall 

prevent the batteries from localised undercharging or overcharging. 

The battery condition monitoring system shall monitor and provide the following information: 

• voltage: total battery bank voltage, voltage of individual battery package in the battery bank 

• battery current during charging and discharging 

• temperature: average temperature of the battery bank, or temperatures of individual battery 

packages 

• state of charge or depth of discharge that indicates the charge level of the battery 

• state of health: a measurement of the overall condition of the battery 
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11.4.4. Battery compartment fire and ventilation requirements 
The battery compartment shall withstand and contain battery fires and other thermal events, 

with the intensity and duration expected from the battery type and size used, to prevent fire 

spread and major damage to the vehicle body and adjacent major equipment including cabling. 

Note: Battery fires from lithium oxide based batteries that generate its own oxygen and 

are generally not extinguishable by smothering are specifically hazardous. Such 

battery types should be designed to minimise the heat release rate per battery 

compartment to ensure the battery compartment is able to contain the fire and prevent 

major vehicle body and equipment damage. 

Smoke, fumes and other toxic emissions shall not be vented into passenger and crew spaces. 

Combustible battery gas and vapour emissions, during normal and abnormal operating 

conditions of the battery system, shall be naturally vented from the battery compartment to 

prevent concentrations that can lead to deflagration or detonation. 

Mechanical ventilation is acceptable where natural ventilation alone is insufficient to meet the 

required ventilation flow rates to prevent the build-up of combustible battery gas emissions. 

The natural or mechanical ventilation air flow rate shall be calculated and verified to ensure it 

can cater for the worst case battery gas emission rates in normal and abnormal operating 

conditions. 

Note: Battery types such as lead acid and nickel cadmium batteries may produce and 

release greater hydrogen gas during abnormal overcharging conditions. Deteriorating 

batteries connected in series, for example, may result in voltage diversions between 

batteries in the series that may lead to some batteries being overcharged unless the 

battery management system is able to reduce the charging voltage to individual 

batteries as required. 

11.5. Shore power supply 
Diesel fleets shall be provisioned with a shore power supply connection capability to provide 

power to the auxiliary systems and battery charging systems from the maintenance centre 

infrastructure shore power supply system. 

The shore power supply system shall ensure continuous availability of auxiliary power during 

stabled maintenance where auxiliary power is required, to ensure the auxiliary batteries are not 

depleted. 

Where applicable, the onboard shore power supply system shall use an interlocking system to 

prevent the train from moving while the shore power supply is connected to the vehicle. 

Onboard shore supply sockets shall not be energised prior to the connection of the shore supply 

connector. 
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The shore supply cable shall be protected with a residual current device (RCD). 

12. Main power supply monitoring system 
The main power supply system shall be equipped with a monitoring system to provide systems 

information that is required in the operation and maintenance of the main power supply system. 

The following information shall be available to the train driver: 

• main power supply system status, alerts and alarms 

• engine speed and power notch of all engines 

• power, voltage and current output of all diesel-electric power supply 

• traction system status, including traction motor cut-out information 

• where applicable, bi-mode fleet pantograph individual or total train current draw 

• where applicable, bi-mode fleet HSCB and pantograph status 

• where applicable, onboard energy storage system status including charge status, alerts 

and alarms, power flow 

In addition to the preceding information, the following information shall be available for remote 

monitoring by personnel located at operations and maintenance centres: 

Traction system information follows: 

• traction system status including alerts and alarms 

• individual or group traction motor voltages and currents during powering and regenerative 

braking 

• individual traction motor operating temperatures 

Diesel-electric systems: 

• engine oil and coolant temperatures of all engines 

• individual cylinder temperatures of all engines 

• average fuel consumption rates of all engines 

Bi-mode systems information, where applicable: 

• pantograph individual voltage and current flow 

• energy consumption from the overhead traction power supply in accordance with 

EN 50463-2 Railway applications – Energy measurement on board trains – Part 2: Energy 

measuring 
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The following hybrid systems information, where applicable: 

• onboard energy storage system status including alerts and alarms 

• individual onboard energy storage module state-of-charge, voltage and current flow 

• individual onboard energy storage system module temperatures 

12.1. Alerts and alarms 
The monitoring system shall be capable of providing systems alerts and alarms to inform the 

driver and maintenance personnel of systems conditions or status that require immediate 

attention or acknowledgments. 

Where the driver has failed to acknowledge critical alerts or alarms, it shall be escalated 

remotely to personnel at operations and maintenance centres. 

12.2. Remote monitoring 
To enable remote monitoring and fault diagnosis of the main power supply system, the 

monitoring system data shall be accessible remotely, for example from the maintenance centre 

or other locations, while the train is anywhere on the designated routes. 

An ‘internet cloud’ based system is preferable to enable the remote monitoring information to be 

accessed through multiple internet connected devices. 

12.3. Data recording 
Information that is critical for post-fault diagnosis and safety incidence investigations shall be 

recorded using the required sample rate and resolution appropriate to the data. 

Recorded information and data points shall be time-stamped with GPS-time and GPS 

coordinates. 
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Appendix A Recommended reading 
The following document is informative and listed for reference: 

AS 7529.3 Australian Railway Rolling Stock – Fire Safety – Passenger 

Note: AS 7529.3 is an Australian standard developed by RISSB 
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